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Abstract: 
 
Detection of forest cover change and productivity trends (1966-2006) 
Reverain forests  
Reverain forests lie along both banks of the Blue Nile as detached areas, 
as unique forest ecosystem. Acacia nilotica (Sunt) has been found the 
most valuable timber producing species. Since the establishment of the 
plantations in 1935, the species was managed on thirty year's rotation to 
approach normal structure and attain sustainable production. They were 
for some times managed for sustained yield throughout the first thirty 
years rotation (1935-1964), presently the forests are described as 
declining in productivity. 
A difference in growth trends and production potentials exists between 
two site quality classes along their range along the Blue Nile. quality 
class II in stands north Sennar Dam managed on 20 years rotation. Stands 
south of Sennar Dam are found in two Quality class. Stands in both 
quality classes are at present managed with similar objectives and on the 
same rotation of 30 years. These stands produce timber of different 
quality and size. 
The main objective of the present study is to evaluate the productivity of 
the site of Sunt plantation of Acacia nilotica and the possibility for their 
management on sustainable production basis. 
The area / age distribution over the first rotation (1935-1964) area related 
to total area, indicates a stable and balanced structure of organized 
distribution of Acacia nilotica stands in space (area) and time (age). This 
structure is an indication of a sustainable form of management.  
  
The Lembwa forest was chosen as a case study to investigate boundary 
changes of the forest and explore the nature and cause of change. The 
forest boundary of forest map developed 1966 was traced through 
computer system. The results of tracing the old boundary provides the 
outer boundary line of the map constructed from data of 1966. The forest 
boundary survey conducted in 2006 was mapped and map, was 
superimposed on the 1966 map of Lembwa forest. The boundary of both 
maps were divided into segments and assigned letters. The space between 
the two boundaries provide the displacement in boundary to in guide of 
the old forests and facilitated calculation of lost area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
  :اﻟﺨﻼﺻﻪ
اﻟﻐﺎﺑﻲ و اﺗﺠﺎﻩ اﻟﺘﻐﻴﺮ ﻓѧﻲ ﻣﻌѧﺪل اﻻﻧﺘѧﺎج ﻓѧﻲ  آﺸﻒ اﻟﺘﻐﻴﺮ ﻓﻲ اﻟﻐﻄﺎء
  (6002 -6691)اﻟﻐﺎﺑﺎت اﻟﻨﻴﻠﻴﺔ 
واﻟﺘﻲ ﺗﻌﺘﺒﺮ ﻧﻈﺎﻣﺎ ﺑﻴﺌﻴﺎ ﻓﺮﻳﺪا، ﺗﻐﻄﻲ ﻣﺴﺎﺣﺔ واﺳﻌﺔ  اﻷزرقﺗﻤﺘﺪ اﻟﻐﺎﺑﺎت اﻟﻨﻴﻠﻴﺔ ﻋﻠﻲ ﺿﻔﺘﻲ اﻟﻨﻴﻞ 
اﻗﺘﺼﺎدﻳﺔ ﺣﻴﻮﻳﺔ ﻓﻲ اﻟﺴﻮدان واﻟﺘﻲ ﺗﻌﻤﻞ آﺤﻤﺎﻳﺔ ﻃﺒﻴﻌﻴﺔ وﺗﻠﻌﺐ  أهﻤﻴﺔوهﻲ ذات  اﻷراﺿﻲﻣﻦ 
اﻟﻤﺴﺘﺪام ﺣﻴﺚ  اﻹﻧﺘﺎجﺗﺪار ﻋﻠﻲ ﻧﻈﺎم  إﻧﺸﺎﺋﻬﺎﻟﻘﺪ ﻇﻠﺖ ﻏﺎﺑﺎت اﻟﺴﻨﻂ ﻣﻨﺬ  .اﻟﺒﻴﺌﺔ دورا ﻣﻬﻤﺎ ﻓﻲ
اﻟﻤﺴﺘﺪام ﺑﺴﺒﺐ ﻓﻘﺪان اﻟﺘﻜﻮﻳﻦ  اﻹﻧﺘﺎجواﻻﺑﺘﻌﺎد ﻋﻦ ﺗﺤﻘﻴﻖ  اﻹﻧﺘﺎجوﻟﻜﻦ ﺑﺪأ ﺗﺪهﻮر  ,ﺣﻘﻘﺖ ﻧﺠﺎﺣﺎ
اﻟﻌﻤﺮي اﻟﻤﺘﺘﺎﻟﻲ وﺗﻨﺎﻗﺺ اﻟﻜﺜﺎﻓﺔ اﻟﺸﺠﺮﻳﺔ ﻟﻠﻔﺪان ﻋﻨﺪ ﻧﻬﺎﻳﺔ اﻟﺪورة ﻣﻦ ﺧﻤﺴﻴﻦ ﺷﺠﺮة ﻓﻲ اﻟﻔﺪان 
ﺳﻨﺔ ﻻﻧﺘﺎج ﻓﻠﻨﻜﺎت   03 واﻟﺘﻲ ﺗﺪار ﻓﻲ دورة ﻋﻤﺮهﺎ ﺷﺠﺮة ﻓﻲ اﻟﻬﻜﺘﺎر 521 اﻗﻞ ﻣﻦ ذﻟﻚ أﻟﻲ
هﻨﺎك اﺧﺘﻼﻓﺎت ﺟﻮهﺮﻳﺔ ﻓﻲ اﻟﻨﻤﻮ ﺑﻴﻦ ﻣﻮﻗﻌﻴﻦ  .اﻟﻤﻨﺸﻮرة اﻷﺧﺸﺎباﻟﺴﻜﺔ ﺣﺪﻳﺪ وﻏﻴﺮهﺎ ﻣﻦ 
وﺑﻨﻔﺲ ﻋﻤﺮ اﻟﺪورة  اﻷهﺪافاﻟﻐﺎﺑﺎت ﺗﺪار ﺣﺎﻟﻴﺎ ﻟﻨﻔﺲ  أنووﻗﻮﻓﺎ ﻋﻠﻲ هﺬﻩ اﻟﻤﻮاﻗﻊ ﻧﺠﺪ  .ﻣﺨﺘﻠﻔﻴﻦ
 .ﺗﻨﺘﺞ ﻣﻨﺘﺠﺎت ﻣﺨﺘﻠﻔﺔ ﻓﻲ اﻟﺠﻮدة واﻟﺤﺠﻢ أﻧﻬﺎﺑﺮﻏﻢ 
اﻟﺘﻮزﻳﻊ اﻟﻤﻨﺎﺳﺐ واﻟﻤﺘﻮازن ﻻﺷﺠﺎر اﻟﺴﻨﻂ ﻓﻲ  أﻟﻲ اﻷوﻟﻰاﻟﺪورة  أﺷﺎرتﻓﻲ اﻟﻐﺎﺑﺎت اﻟﻨﻴﻠﻴﺔ 
آﻞ اﻟﻐﺎﺑﺎت  ووﺟﻮد اﺧﺘﻼﻓﺎت ﺑﺴﻴﻄﺔ ﻓﻲ اﻟﻤﺴﺎﺣﺔ اﻹدارةاﻻﺳﺘﺪاﻣﺔ  أدىاﻟﻤﺴﺎﺣﺔ واﻟﻌﻤﺮ ﻣﻤﺎ 
ﺧﺰان  وﺣﺘﻰآﻴﻠﻮﻣﺘﺮ   001ﻋﻠﻲ ﺑﻌﺪ اﻟﻨﻴﻠﻴﺔ اﻟﺘﻲ ﺗﻘﻊ ﺑﻴﻦ ﻣﺪﻳﻨﺔ اﻟﻜﺎﻣﻠﻴﻦ ﺟﻨﻮب اﻟﺨﺮﻃﻮم 
وآﺎن ﻣﺆﺷﺮ اﻟﻤﻮﻗﻊ ﺑﺎﺳﺘﻌﻤﺎل اﻻرﺗﻔﺎع   6002ﺻﻴﺮص ﺟﻨﻮًﺑﺎ ﻟﻘﺪ ﺗﻢ ﺣﺼﺮهﺎ ﻓﻲ ﻋﺎم واﻟﺮ
وﺗﻮﺿﺢ   6002ﻓﻲ   II.C.Qأﻟﻲ ﺧﻼل اﻟﺪورة اﻻوﻟﻲ  I.C.Qواﻟﻌﻤﺮ ﺑﺎن هﻨﺎﻟﻚ ﺗﻐﻴﻴﺮ ﻣﻦ
 .ﺗﻔﺎع واﻟﻌﻤﺮاﻟﺠﻨﻮب اﻋﺘﻤﺎدًا ﻋﻠﻲ اﻻر أﻟﻲهﻨﺎﻟﻚ ﺗﺪرج ﻓﻲ اﻟﻐﺎﺑﺎت ﻣﻦ اﻟﺸﻤﺎل  أناﻟﻨﺘﺎﺋﺞ 
آﺎﻧﺖ اﻟﻤﺴﺎﺣﺔ ﻣﺤﺪدﻩ ﺑﺤﺪود وﺣﺠﺎرة ﻣﺴﺎﺣﺔ واﺿﺤﻪ   6691 ﺑﺎﻟﻨﺴﺒﺔ ﻟﻐﺎﺑﺔ اﻟﻠﻤﺒﻮﻩ ﻓﻲ ﻋﺎم أﻣﺎ 
  .اﻻﻋﺘﻤﺎد ﻋﻠﻲ ذاآﺮة اﻟﺤﺮاس ﺢاﻟﻤﺴﺎﺣﺔ اﺻﺒﻓﻘﺪت ﺗﻠﻚ اﻟﺤﺪود وﺣﺠﺎرة   6002 وﻟﻜﻦ ﻓﻲ
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Chapter One 
Introduction 
1.1 Background  
Sudan is the largest African country, covering an area of almost one 
million square miles (94.8% land and 5.2% water) equivalent to 3.8% of 
the land area of the African continent. Sudan shares borders with nine 
African and Arab countries (Facts on Sudan, 2000). Geographically 
Sudan is situated in the middle of the northern part of the continent 
latitudes 4ºN and 23º N and longitudes 22ºE and 38º E. The country 
population is estimated at approximately 36.00 million inhabitants with 
annual growth rate of 2.71% (Lahmeyer, 2001).  
Sudan extends over different climatic regions (Table 1.1), which are 
mostly governed by rainfall. They are ranging from desert in the north (0-
100 mm annum), to semi-desert, and savanna in the center (200 - 850 mm 
rainfall per annum), and equatorial in the South (up to 1500 mm). 
Summer is from March to July and coincides with the rainy season and 
the temperatures can reach as high values as 45°C Celsius during the day. 
Winter months are from November to January and temperature can drop 
to 4 degrees Celsius at night.  
Sudan is moderately forested with around 17% of total land area (FAO, 
2001). In late 1970s FAO estimated that the countrys forest and 
woodlands totaled about 38.5 percent of the land area. Demands of forest 
products, mainly fuel wood and charcoal was steadily increasing during 
the last ten years as they are extensively used as a major source of energy 
for more than 80% of the population (FNC, 2003). The country also 
produces sawn wood, but in insufficient quantities to meet domestic 
demand. Modest quantities of wood and paper products are imported. The 
  
productive forests extend below the zone of desert encroachment to the 
southern border. It included the savanna woodlands of the central and 
western parts of the country, dominated by various species of acacia, 
among them is Acacia Senegal. Sudan is the principal source of gum 
Arabic, the second largest export product estimated as 5% in 1996 and 
accounting for 80 percent of the world’s supply (Facts on Sudan, 2003). 
Sudan is also one of the world’s main producers of olibanum resin (FAO, 
2000).  
Although Sudan has a large quantity of natural Forest resources, the rate 
of annual forest cover change is said to be considerable. The main factors 
that contribute in the decrease of forest cover are lack of sound 
management and land use plans, population pressure, desertification, 
mechanized agriculture in dry land, traditional shifting cultivation and 
fire in some places (FNC, 2003)  
Table 1.1 Regional Vegetation in Sudan 
Area in hectare Rainfall Vegetation 
90 208 00 (36 %) 0-75 mm Desert 
50111000 (20 %) 75-300 mm Semi desert 
60139000 (24 %) 300-900 mm Low rainfall savannah 
30070000 (12 %) 900-1500 mm high rainfall savannah 
20046000 (8 %) 1500-2000mm Flood plains mountain vegetation 
(Source: FOSA, 2001) 
1.2 Climatic zone 
Sudan is characterized by a wide range of climate variation, which vary 
from desert in the northern part of Sudan, where it seldom rains, through 
a southward belt of varying summer rainfall, to an almost equatorial type 
of rain in the extreme southwest, where the dry season is very short 
(Table1.1). In central Sudan the following divisions of land use can be 
observed (Table1.2). 
  
Table 1.2 Land-use in Sudan 
Area in (000 Hectare) Item 
250.58 Total area 
237.443 Land area 
12.986 Area under water 
84.034 Arable land 
17.471 Cultivated land 
66.563 Uncultivated land 
64.360 Forest and wood land 
49.569 Other 
(Source: FAO, 2001)  
1.3 Population 
Population has grown from approximately 10.31 million in 1956 to 25.6 
million in 1993 and in 2002 the country's population was 30.3 million. 
The annual growth rate has increased from 1.9% to 2.7%.  
Forest products and services play a crucial role in the economy of Sudan 
and the life of its people. Wood fuel constitutes 80 % of the total national 
energy. Almost 80% of the population depends on wood fuel for energy. 
Forest resources in Sudan 
Forests are essential as local, national and global resources. At the local 
levels, communities in and around forests are always dependent on forest 
products. The composition of many forests has been influenced by their 
extraction. At the national level, economies have depended and continued 
to rely on access to lumber and timber products. Despite increasing 
substitution by alternative materials, the demand for timber continues to 
rise particularly at rural areas. The survival of forest and woodland is 
fundamental to the continued functioning of other environmental system 
(FOSA, 2001).  
 
  
Gum Arabic and other tree gums are among the important forest products 
that contribute to foreign exchange earners and rural livelihood support. 
Poles and sawn timber for construction and furniture are also supplied by 
forests. Soft wood demand in the Sudan is very high as it is used for 
furniture and building purposes. 
The environmental and social roles played by Sudan forests are even 
more pronounced as the forests and wood land are the first and the last 
that represent defence line against desert encroachment south wards. 
Riverain forest 
Riverain forests lie along both banks of the Blue Nile as detached areas. 
The riverain forests are contained in two main sites. The flood basin that 
provides the main site for sunt growing in pure stands, and the slopes of 
the flood basins represent higher levels where flood is rare. These sites 
contain forests of mixed species including Acacia seyal, Balanites 
aegyptiaca, Faidherbia albida, Zigiphus spina-christi and others. They 
form a very unique forest ecosystem covering vast area of the flood 
basins along the Blue Nile. These forests play important role in the 
economy of Sudan and its nature conservation. They play important 
environmental roles. They provide fuelwood, poles and sawn timber for 
construction and furniture to all villages extending around the forests. 
They protect the Nile system watershed and soil against erosion. The non-
wood forest products from these forests are vital to the livelihood support 
of the local communities.  
Riverain forests are valuable both in terms of their use and indirect use 
values. Examples of the forest values are indicated in the support of 
economic activities including prevention of soil erosion and protection of 
wildlife habitats and microclimate. 
  
Acacia nilotica (Sunt) 
Sunt has been found the most valuable timber producing species. An 
ability to regenerate successfully on flooded sites along the Nile and its 
tributaries, coupled with timber properties that satisfy most of the 
utilization standards make the species the most important in the economy 
of the Sudan. Exploitation of the natural sunt forests started at the 
beginning of last century when the first sawmill was installed in 1901 for 
trials of railway sleeper production. Since then, the industry of sleeper 
production progressed very slowly depending on these forests. 
Acacia nilotica (Sunt) plantations of the Blue Nile flood basins form 
significant resource with an area approximately 13,190, feddan (5.7 
thousand hectares). The contribution of Acacia nilotica species to the 
total sawn timber production in northern Sudan is estimated at 40 -50%. 
Its contribution to the production of round timber may be considered as 
second to Eucalyptus. The latter continues to be the major source of 
round timber in the Sudan. Sunt also adds substantial volume to the 
production of fuel wood estimated at 10 -15% of the country's total 
production (Elsiddig, 1980). 
Sunt timber is preferably used in various utilization practices including 
railway sleepers, heavy construction, turnery, boat building and fuel. Its 
properties are very attractive to such uses that require hard and strong 
mechanical properties (Elsiddig and Hetherington, 1985). 
1.4 Statement of Problem 
Since 1935 management of the sunt forests along the Blue Nile flood 
basis was based on aggregation of the forests into two parts. That part of 
sunt forest resources north of Sennar dam managed for firewood and 
poles production on 20 years rotation. The yield of forests is limited to 
  
poles and firewood and known to have no capacity to produce large sized 
sawn timber. 
The second group of forests extending south of Sennar dam is managed 
on 30 years rotation for railway sleepers production as the main target. 
Experience indicated that the same compartments and parts of other 
compartments have never produced railway sleepers in spite of their 
management for 30 years. No yield class and site quality classification 
system have been used for management planning.  
Mapping of the Sunt flood basin forests is based on ground surveys 
facilitated by survey stones located around the boundary of the forest, 
basically used for boundary survey and compartment delineation on age 
criteria. The survey stones are some times lost and their positioning 
becomes difficult depending on guard’s memories. Losses of stones result 
in difficulty in boundary surveys using ground measurements.  
Also stands and compartments location and their inventory are done with 
reference to survey stones and forest boundaries. As well, losses of survey 
stones lead to difficulty in stand inventories. Modern technology of GPS 
and remote sensing has rarely been in applied at forest level or along the 
forests line along the flood basins.  
The distribution of sample plots for inventory is planned and executed 
based on distribution of plots in grids on forest maps dating back to 1966, 
which may have different boundary from exiting forests that have lost 
reference features of survey stones. Delineation of plots within stands is 
accordingly done as stand-based inventory plan. Errors are encountered 
related to delineation of sample plots to wrong stands. 
  
Involvement of local communities in stand management is limited to 
activities at early ages of stands. People access to stands at productive 
stages is prevented by law. People needs force to exercise illegal 
activities, which might have resulted in forest degradation.  
1.5 Objectives 
The objectives of the present study are: 
1- To investigate the trend of forest productivity levels along sunt 
forests using top height, site index and Quality classification. 
2- To develop a system for stands delineation on the basis site index. 
3- To investigate the possibility of using (GPS) to determing the 
forest cover changes due to expansion of agricultural and 
horticltural land towards forest frontiers by comparing forest maps 
and stones positions along the boundary of the forest reserves. And 
procedure for locating stones on forest boundaries or investigate 
the possibility of accurately recording their co-ordinates using 
GPS.  
4- To compare between ground surveys and (GPS) with regards to: 
- Lines measurements. 
- Map areas. 
- Forest covers detection. 
5- To investigate the impact of community illegal access on 
forest health and vigor. 
 
 
 
 
 
  
Chapter Two 
Literature Review 
2-1 Data available  
An integral component of any forest ground survey and inventory is the 
prior assembly of all available data pertaining to the forest resources of 
the area to be examined. Data generally considered pertinent are land sat 
imagery, successive inventory and maps as well as reports, documents, 
management plans and registered records from previous ground survey or 
studies undertaken within the same or similar forest areas. If reliable 
maps showing the location of ground marks and access features as well as 
basic forest cover are available they should be utilized in subsequent 
ground survey and inventory planning and execution (Quebec, Canada, 
1984).  
It must be emphasized however, that the maps to be used should be 
sufficiently accurate to allow field survey personnel to correlate present 
ground survey and map location with previous ones in a reasonable 
degree of confidence. If the available maps are not compatible with 
existing situation of forest boundary, new maps must be created upon 
which to base subsequent planning (Quebec, Canada, 1984).  
2-2 Analysis of changes and base map preparation  
Forest inventory and ground survey base maps can be derived from 
conventional methods or space technology, provided that the later covers 
the same area to be compared. Space technology provides the best 
medium from which to prepare inventory and ground survey base maps. 
In the event that, photogrammetric mapping equipments are not available, 
base maps of a lower but functional standard can be prepared from data 
obtained by application of space technology which is derived land sat 
imagery. Land sat imagery is derived from remotely sensed data 
  
transmitted to collection stations located at various points on the earth. 
Forest ground survey and inventory base maps prepared from ground 
survey or space technology land sat should show all discernible 
planimetric details, the limits of forest cover and differences in its 
composition. The maps should be prepared according to a grid size and 
configuration currently in use in Sudan (Quebec, Canada, 1984). 
2.2.1 Line establishment  
The line location is established by the compass man who first determines 
the bearing or azimuth to be run through the use of a hand held compass.  
After placing himself at the tie point the compass man will sight along the 
prescribed bearing and determines an identifiable point on this bearing. 
The chain man walks directly towards the determined point pulling the 
measuring tape (chain) behind him and the rear man will follow to count 
number of chains. They continue to the end of the line the prescribed 
bearing from the tie point (Elsiddig, 2007). This establishes the next 
change point from which the preceding line location procedures will be 
repeated. 
The crew chief will keep a record of the distance traveled and the ground 
features encountered on the sheets provided. All surveyed distances must 
be horizontal distances. Therefore,when distances are to be measured, the 
chain must be held taut on a horizontal plane. On slightly sloping ground 
this can be accomplished by the man at the lower elevation holding the 
chain as high as necessary while the man at the upper elevation holds the 
chain at ground level. 
Although a variety of instruments are available for determining ground 
slope or tree elevation, an instrument found to be very practical for 
  
measuring these aspects in forest ground survey is the sunto clinometer 
(Quebec, Canada, 1984). 
2.3 Inventory  
Previous forest inventories conducted since 1948 in the Blue Nile 
reverain forest reserves of Acacia nilotica involved strip-sampling 
technique used by (Booth, 1948 and Jackson, 1958). The forest 
management and inventory section 1978, inventoried the Blue Nile sunt 
forest using the same technique. Finally in (1983-1984) the fixed area 
plots was introduced by the Canadian International Development 
Agency,(CIDA) and adopted by the forest management and inventory 
sector (Group poulin, 1984).  
Systematic line plot sampling survey with a fixed area circular plot of 0.1 
ha was the sampling technique used. The sample plots were distributed 
evenly a part along the survey line and a part between the survey lines 
(Elsiddig, 2002). The procedure of systematic line plot sampling is 
presently adopted for sunt plantation inventory.  
2.4 Site Quality 
Site Quality provides a suitable approach for site classification and is 
useful in management prescription and sustainable management.  
2.4.1 Site Index 
Site Quality can be estimated by means of a site index. The relationship 
between the top height and age of trees on one particular site is called its 
site index (Schumacher, 1933 Carmean, 1975). It is important to 
recognize that within a forested property of any size, there will, no doubt, 
be a good deal of variation in sites and productivity. Therefore, it is very 
  
likely that parts of forest will have different site quality (Carmean, 1975 
Elsiddig, 1980). 
Of all the indirect measures investigated, the rate of top height growth has 
been the most practical, consistent, and useful indicator of site quality 
with respect to timber production. The standard practice has been to 
define site index in terms of the total height of the dominant and largest 
trees in a stand. These trees show the site productivity throughout the 
stand age (Hetherington and Elsiddig, 1983/84).  
Numerically, site index is the total height of the dominant trees in a stand 
at specified age (Elsiddig, 1980). For sunt plantation, age at 20 years is 
considered maturity age. Jackson, (1959) assumed that at age 12 years, 
sunt stands have large trees indicative that they show site quality and will 
continue to be large through the rest of the rotation period. prescribed in 
the 1959 Working plan that the 125 largest and good stemmed trees per 
hectare could be selected and marked at age is years for final felling to be 
carried at age 30 years at age 20 years thinning stopped and the sunt 
stands have 125 trees per hectare. Age 20 years is the age at which site 
index is determined (Hetherington and Elsiddig, 1983/84). Experience 
showed that these 125 trees per hectare provide a good standard for 
management of sunt plantation (Elsiddig, 2002). 
2.4.2 Site index curves 
Regardless of whether the approach, of site definition used is the direct or 
indirect method a necessary prerequisite is a set of site index curves that 
define site variations. Because of this and because of the primary 
importance of site index in forest productivity classification and forest 
management, a great deal of work has been directed to methods of site 
index curve construction and their use in site index prediction. Bruce, 
  
(1926) and Schumacher, (1950), statute that site index curves can be 
presented graphically or in tables (Elsiddig, 1980). The harmonized curve 
method represent the earliest approach for site index curve construction 
based on scatter diagram of the observations and harmonization of the 
family of curves on a proportional basis. It is very useful for long time as 
basis of yield studies and forest management (Bruce and Schumacher, 
1950 Carron, 1968). 
Site index information collected for tree species is based on performance 
on sites. The performance represents productivity of different sites for 
any particular species is represented by means of a graph or curve, 
(Kocher and Blanc, 1996). However numerical values are usually based 
on measurable parameters like height or volume. 
The site index is the height of the trees at the index age, which is usually 
age at maturity depending on the site index classification system used. 
The curves can be constructed for sites of different site quality and show 
tree height growth versus tree age (Kocher and Blanc, 1996). 
2.4.3 Estimating Site Index 
Estimating the site index for forest requires measurement of the paramets 
like height at any age (Splechtan, 2001), then looking into the 
corresponding curves for height against age (Hetherington and Elsiddig, 
1983/84). 
It is important to choose trees that have been dominant during their whole 
lifetime. This is because trees which have been overtopped by others will 
have slower growth and therefore, is shorter for their age than the 
dominant trees in the stand (Kocher and Blanc, 1996). It implies that 
selection of trees which are not dominant will underestimate the site 
  
index and accordingly underestimate the site quality (Boyer, 2001; 
Shahli, 2004). 
The height of the tree can be measured fairly easily. Trees can be 
measured from the ground with a special instrument, known as 
clinometer. It can also be very easily measured by using tree measuring 
stick for short trees at early ages. To estimate site index, the age of the 
site trees, usually the top height trees, is taken and located on the 
horizontal axis of the graph. A line is drawn straight up. 
Then the average top height of the site trees is located on the vertical axis 
and a straight line is drawn across (Kocher and Blanc, 1996). Then the 
point where the two lines cross determines the curve to be extrapolated to 
index age to read the site index. The use of site index tables facilitate 
reading the site index against age. Values of site indices at different ages 
provide for site quality and yield in past and future (Curtis, 1972). 
2.4.4 Site quality class 
Site Quality class, usually numbered in Roman numericals from I (high) 
to III (low) productivity, is a grouping of site indexes used to determine 
stands productivity rates (Site productivity working group, 2001). It also 
determines whether or not it can be zoned as (timber production zone) on 
site (Site Class I to III). Site class is also used to determine which of the 
compartment “Practice Rules” may apply on the forest, (Kocher and 
Blanc, 1996).  
Site quality class determination is based on site index values grouped 
together. In general, many site indeces for each species have been lumped 
together into a series of site quality classes. These site classes are known 
as site class I class III. For Sunt plantation qualitative classification has 
  
been applied as gerf, karab and maya. Then site indeces of gerf (Site 
index 21 – 25) are grouped as quality class I. For the karab slopes and 
maya, site index 21 –25 are classified as quality class I, while site index 
16 – 20 are grouped as Q.C.II (Elsiddig, 1980).  
The most productive sites, those capable of growing the fastest trees, are 
grouped together into site class I, while the least productive are lumped 
into site class III (Kocher and Blanc, 1996).  
Therefore, site quality classes are usually used to compare sites within 
specific regions and forest types (Carmean, 1975). A site class property 
cannot be assumed to have the same growth potential along the outer 
Karab slopes as a site class property in the gerf of the Riverain along the 
Blue Nile (Hetherington and Elsiddig, 1983/84). 
While the measure of site index for forest stand is relatively straight 
forward, a determination of site class requires localized information to be 
factored in, (Kocher and Blanc, 1996). Because taxes and timber harvest 
regulations are involved, it may be needed to rely on the professional 
judgement of a professional forester to accurately determine the property 
of site class.  
2.4.5 Site Quality and Stand characteristics 
Site quality tells how much timber or non-timber forest products a forest 
can potentially produce. The productivity of forest is defined in terms of 
the maximum amount of volume accumulation that the forest can produce 
over a given period of time. Site quality is measured as an index related 
to this timber productivity (Nyland, 1983). Since total volume 
accumulation for site assessment is not easy, top height is the alternative 
measure for site quality assessment (Esiddig, 1980).  
  
It is very important to understand that the productivity of forest varies 
greatly by site. On one site very good growth may be observed, while on 
another site, the same species at the same age may grow poorly (Nyland, 
1983). Site quality can be changed by fertilization, vegetation control or 
irrigation, only highly intensive treatment can make a productive site out 
of a poor one (Nyland, 1983). 
2.5 Remote sensing in Sudan  
For a long time in the past, map production has been practiced as a 
process based on ground survey using compass, chain and ranging rods. 
The modern innovations in the geoinformation fields in remote sensing 
technology (RS), Global Positioning Systems (GPS), and geographic 
Information System (GIS), have raised the opportunity to produce new 
maps with much easier way than before as the data collection time is 
extremely reduced by adoption of these technologies.  
The history of mapping in the Sudan reveals the same assumption as 
much of the produced maps have been produced during the last century 
only with the help of donors utilizing the capability of the Sudanese 
Survey Department.  
Presently and for the near future Sudan should pursue new technological 
concepts and operational strategy towards the production of new map 
series especially for small and medium scale maps at scale that range 
between 1:200,000 and 1:500,000. By implementing the available remote 
sensing technology, which is widely accepted to represent a cost effective 
and up-to-date alternative sources for this production, continuous 
monitoring, checking and updating of maps has been made possible. The 
history of map production in the Sudan provides a conceptual approach to 
the production of a new series of the above scale as these maps will 
  
efficiently serve the present demand for such maps to meet the 
expectations of the users from different sectors (Gorani and Kheir, 2006).  
Modern space technology began with invention of the camera in early 
1800s, and the first application in 1858 with a camera mounted on a 
balloon. During early 1900s cameras mounted on planes were used in 
reconnaissance surveys. The greatest expansion of the use of space 
technology occurred during the middle of the last century primarily for 
military reconnaissance surveys. Then several civilian applications were 
developed including hazard mapping, vegetation mapping and planning. 
From that time until the early 1960s, the space technology remained the 
only tool for depicting the earth's surface from a vertical or oblique 
perspective (Sherbinin et al, 2002).  
2.6 Application of Global Positioning System (GPS)  
Application of (GPS) technique as a tool in space technology is becoming 
very much in use in forestry and natural environments and natural games. 
The GPS stores distances and movement speed between site and another. 
The recorded data in the GPS helps returning to same walk line. The 
system would direct through giving angle of walking distance and speed 
(http://www.esri.com). A GPS receiver works by measuring the distance 
(range), from itself to a number of satellites and then through trilateration, 
determining its geographic location in latitude/longitude or UTM co-
ordinates. The resultant location is accurate to about 10 metres or even 
better using special methods such as differential correction. There are 24 
satellites that provide 24-hour 3D coverage to most of the world 
(http://www.esri.com). 
 
 
 
  
Chapter Three 
Study area 
3.1 Location  
The study area is the Riverain forest reserves along the Blue Nile 
extending from Kamleen to Damazin taking the forests that occupy the 
flood basin along the Blue Nile.  
The study area contains all the flood basins sunt forests between Kamleen 
and Demazin for the study of Quality classes, located between 
latitudes15°,5 ̀ N - 16°, 7 ̀ N and longitudes 34°, 45 E – 33°,30 E. The Blue 
Nile reverain flood basins contain 182 sunt forests alternating on both 
sides of the Blue Nile in a narrow discontinuous strip of width traversed 
by the Blue Nile. The northern boundary of the area is at Kamleen, about 
100 kilometres south of Khartoum the capital of the Sudan.  
For forest cover change detection, the Lembwa forest is taken as a case 
study. The Lembwa sunt forest is located on the western bank of the Blue 
Nile about 12 Km south of Singa. Along the banks of this river forty-four 
reserves are situated south of Sennar Dam, with a total area of 12.0 
thousand. The reserves between Sennar Dam and Kamleen, in the north 
and Roseires Dam, in the south contain sunt (Acacia nilotica) as the 
principal species, mainly managed for sawn timber in the south and 
firewood in the north (Jackson, 1959).  
The total area of Sennar State is 40680 Km² (9,700,000. Feddan). The 
total area of Lembwa forest is about 804 feddan of which 337 feddan was 
gazetted in 1939 and the extension was gazetted in 1945. There is an area 
of about 184.4 feddan proposed for registration and reservation.  
 
 
  
3.2 Climate  
Following the ecological classification of the vegetation of the Sudan, the 
study area falls within low rainfall, woodland savannah (500– 800 mm) 
characterized by short rainy season and a longer dry period.  
3.2.1 Temperature  
The temperature ranges from 15° C to 36°C in winter and 22° C to 41° C 
in summer (Goda, 1987). The period is characterized by cold dry weather 
from November to February and hot dry weather from March to June.  
The mean daily maximum temperature is lower in January (About 30°C 
day temperature) and highest in May (About 36°C day temperature). It 
means that January is the coolest and May the hottest month.  
3.2.2 Winds  
Wind blows from north to northeast in the dry periods (October to April). 
The prevailing winds are from the south east during the rainy season from 
the north to east during the dry season (Abed Rahman, 2000). 
 3.2.3 Rainfall  
The rainy season starts in June and ends in October with a savannah type 
of distribution having its peak in August. Occasional light showers fall in 
May. 
3.2.4 Relative humidity 
The relative humidity ranges from 15 - 20% during the dry season (Abed 
Rahman, 2000). The relative humidity trend is influenced by the 
temperature and rainfall, reaching its maximum (70-80%) in August and 
minimum (08-09%) in April-May. 
 
 
  
3.3 Topography  
 The flood basin of the Blue Nile has been created by meandering action, 
resulting in erosion on one bank and deposition of sand and silt on the 
other bank of the river. The existing flood basins of the Blue Nile are 
believed to have been created by this meandering activity (Jackson, 
1959). 
3.4 Geology  
The underlying geological formation of the whole area is the Nubian 
series. The topography of the terrain is generally flat featureless clay 
plain with a gentle slope from south to north. The shallow basins in the 
flood plain are considered as old meander channels of the river, which 
has been cut off. The basins are generally flatter in the northern part of 
the area. The southern part of the flood basins is better defined and deep 
(Elsiddig, 1985).  
3.5 Soil  
The soils of the basins are recent, immature alluvial deposits. They are 
called (Montmorillonitic clays), that have the property of swelling when 
moistened and contracting when dry to form cracks up to one meter deep. 
The soil of the flood basins of the Blue Nile exhibit some variations from 
that of the clay plains. Here the soils may be classified into three major 
soil groups related to the basin topographic classes. 
The dominant soil of the "Maya" is typical of the dark, cracking clays 
believed to have been brought from the clay plains by water run-off. It is 
a black, clay soil that cracks widely in the dry season. The "karab slopes" 
are eroded slopes characterized by a higher content of sand and gravel 
exposed as a result of erosion. The "gerf slopes "on the other hand have 
deep, permeable silt deposits known to be the most fertile type of soils. 
  
The clay plain soils and the flood basins soils have been influenced 
mainly by weather factors. The deep underlying geological rock of the 
ancient basement complex had no effect on their formation (Elsiddig and 
Hetherington, 1985). 
3. 6 Population and main Activities  
The majority of the populations are those who migrated from western 
Sudan and West Africa during the Mahadist period, in addition to new 
settlers who are mainly from nomadic tribes. The study area is inhabited 
by a number of tribes, some are of Arabic origin mainly (kenana-Arakiin) 
others are from western Sudan (Nuba, and Fur), others from African 
origin (Falata and howsa).  
3.7 Land use  
The land use of the flood basins along the Blue Nile is basically forest 
although agriculture is practice in limited areas along the slopes of Mayas 
when flood water recides. Along the Bank gerf land, horticulture is the 
main land use practiced by small farmers.  
The agricultural lands of the dahara are intensively used by traditional 
and mechanized farming. Soil fertility has deteriorated substantially due 
to continuous mono cropping. During the dry season, the area is occupied 
by nomadic pastoralists. They remain for five-month, thus overgrazing is 
a very prominent phenomenon. 
3. 8 Vegetation cover  
The main species along the Blue Nile basin and seasonal water courses 
(Khors) are Acacia nilotica (sunt), associated with other species such as 
Acacia seyal (tallh), Acacia sieberiana (KuK), Faidherbia albida (haraz), 
and Tamarix orientalis (tarfa). In the (Karab) site, the vegetation is a 
  
mixture of various species, mainly acacias, Balanites aegyptiaca (higlig), 
and Ziziphus spina – Christi (sidir). The southern part of the area around 
Roserires Dam is predominantly occupied by Anogssus lieocarpus 
(sahab). 
The vegetation under the forest varies according to site conditions. The 
main dominant species in (gerf land), include Forskelea tenacissima, 
Exanthium brazilcum, Zaleya pentandra and Cyprus rotundus. In the 
depression areas (Maya), the vegetation is pure sunt Acacia nilotica, with 
other scattered herbs, such as Argemon mexicana, Exanthium brazilicum, 
Rogeria adenophylla (sacaran), and Cissus guardrangularis. Different 
tree species, shrubs and herbs are found in (Kerb), and (dahara). These 
include solanum dobium, Eragrostis spp, Acacia torra, maytenus 
senegalensis, Acacia nubica, Faidherbia albida, Grewia tenax, Cratvia 
adansonii, Capparis deciduas, Coccinia grandis, Celtis inter grifalia and 
Acacia nilotica. Grasses and herbs in the basins are various and 
numerous. The perennial sedge, sorghum sp (Adar), is found in the basins 
at areas of higher rainfall. Other species that can be mentioned is the 
herbs cassia senna (Sana makka), which is grazed with relish when dry, 
and Solanum nigrum (gibbein) which occur at the fring of the forest 
particularly on the karab side.  
  
Chapter Four 
Materials and Methods 
4.1General 
The methodology is concerned with collection of primary and secondary 
data. The secondary data consists of information collected from records, 
reports and previous work plans and studies concerned with the study 
area. The source of data included the Forest National Corporation (FNC) 
at headquarters and at FNC offices in gezira, Sennar and Blue Nile States. 
The primary data was based on the field work conducted in sunt forest 
reserves along the Blue Nile in addition to the questionnaire.  
4.2 Field work 
Within the framework of forest inventory carried in sunt forests along the 
Blue Nile, Data was collected from inside sunt forest reserves along in 
forests north and south Sennar dam. Data collected within each forest was 
based on sampling procedure using systematic line plot sampling. 
Sample plots were located on lines, which are systematically equidistant, 
and the plots are also equidistant. Sample area was 0.1 hectare. 
4.3 Top height  
In each sample plot, dbh was measured in cm and the four large 
diametered trees were selected for total height measurement in metres. 
The average of these heights provided the average top height of the 
sample plot. Average top height data of sample plots were recorded for 
each compartment together with compartment age. Average top height 
and age were used to estimate site index of each plot using site index 
curves. 
  
This procedure was done for every compartment in every sunt forest 
along the of the area north and south Sennar dam, in order to facilitate 
site quality classification for sunt compartments. Diameter at Breast 
height (dbh) in each sample plot, was measured for every tree and 
recorded against serial numbers. Measurements of dbh facilitated 
measurement of top height trees. The values of dbh for the final felling 
compartments were used to provide average values and range in cm. The 
serial numbers provide the number of trees per hectare for these final 
felling compartments. 
4.4 Forest Boundary survey 
Forest boundary survey was carried out for Lembwa forest reserve in two 
stages. In the first stage boundary survey was conducted following the 
boundary of existing forest, using compass, chain and ranging rods. Lines 
distances in metres and lines bearings were recorded. The data was used 
for construction of map for existing forest boundary 2006. 
In the second stage, use was made of the 1966 map, which contains 
location of survey stones as existing marks demarcating the original 
common points between survey lines. Using distances and bearings, co-
ordinates and distances were registered in GPS and that facilitated 
location of survey stones position as compatible data of ground position 
for the 1966 map and co-ordinates data was obtained. The GPS data was 
used for construction of the 1966 map. 
4.5 Data Analysis 
Data was grouped into two classes and analysis covered the area north of 
Sennar Dam and the second is south of Sennar Dam.  
 
  
4.5.1 Site quality  
Top height averages by sample plot and age pairs were used to access site 
index curves for sunt plantation (Hetherington and Elsiddig, 1983/84). 
The site index curve (Appendix 1), defined by top height and age, was 
extrapolated to age 20 years to estimate the site index value. The later 
was then used to define the quality class (Q.C) for each sample plot. Site 
index values ≥ 21 classified the plot as Q.C.I and site index values < 21 
classified the plot as Q.C.II. 
This procedure was done for every sample plot in compartments and 
forests of all forests north of Sennar and also for all forests south of 
Sennar Dam using the inventory of 2006.  
4.5.2 yield change 
The data of top height, dbh, and number of trees, by sample plots, for 
selected forests at final felling stage in (2006) and similar data for same 
forests in first and second rotation were used to monitor the forest 
productivity changes. For the same compartment, top height values, site 
index and Q.C were estimated for selected compartments, in 2006 and 
from previous data at similar ages. These parameters are expected to 
show no change with time. Data of number of trees per hectare at final 
felling age are expected to be maintained at 100-125 trees. Comparison 
was made between the number of trees at final felling in 2006 and in time 
of first or second rotation. Average diameter at breast height (dbh) value 
and dbh range at final felling were also compared. 
 
 
 
  
4.6 Forest area change  
Data of forest boundary survey carried for Lembwa was used for 
construction of the forest map of existing cover in 2006. From data 
developed using GPS for the original positions of stones and survey lines, 
the 1966 map was traced. The 2006 new map was superimposed on the 
traced map of the 1966 original data. The area contained between the 
1966 boundary lines and 2006 lines represents the forest cover change 
taking place between 1966 to 2006 (ie in 40 years). Positive change was a 
result of extension and addition of new area to the forest. Negative 
change was due to forest boundary line displacement resulting from forest 
area lost. 
4.7 The questionnaire  
A questionnaire was conducted on selected target group in villages 
located around the sunt forests. The questionnaire was concerned with 
perception of the people about the status of sunt forests and their relation 
to the forests with respect to obtaining forest products and the sources of 
the products. The data of the questionnaire was tabulated to indicate the 
distribution of people in relation to the answers. 
  
Chapter Five 
Result and Discussion 
5.1 Site quality evaluation  
Investigations in connection with the construction of site index curves 
within the flood basins of the Blue Nile for Acacia nilotica plantation 
stands, showed that there are significant differences in growth trends and 
production potentials between two site quality classes (Q.C.I and Q.C.II), 
identified on the basis of top height values against age.  
Tables of top height against age (Appendix 1) for Sunt plantation on 
Gerf, Karab and Maya land constructed by (Hetherington and Elsiddig, 
1983/84) used top height at age 20 years as the index for site quality. The 
values of site index ≥ 21 are classified as quality class one (Q.C.I) and the 
values < 21 are classified as quality class two, (Q.C.II). 
The use of site index curves for site quality assessment is based on the 
assumption that the value of top height, at any age, can be extrapolated or 
interpolated to age 20 years to read the site index value (Appendix 2). 
This system was used to evaluate site index and site quality class for 
selected forests at geographical locations extending from north to south 
between Kamleen City and Roseiris dam between the northern and 
southern limits of the reverain reserved sunt plantations. 
Table 5.1 shows the trend of top height values at age 10 years for sunt 
plantation extending from north (Kamleen) to south (Roseiris). Low 
values of top height at age 10 years are registered for sunt plantation at 
the northern areas while high values are registered at forests located 
southward along the Blue Nile. 
  
Table (5.1) Top height values and site quality classes at age 
10 years for selected forests along the Blue Nile  
No Forest 
name 
Number 
of trees 
Compartment 
Number 
Top 
Height 
meters 
Average 
top height 
meters 
Site 
Index 
Q .C
1 Hilalya 250 9 7.3  
8.5 
 
16 
 
II 
 “ 300 10 8.0 
 “ 350 11 9.5 
 “ 400 12 8.7 
2 El-kab 350 1 8.0 8.25 16 II 
 “ 450 2 8.5 
3 Gondal 500 1 9.0 9.0 17 II 
4 Lembwa 70 19 17.0 17.0 23 I 
5 Gezair 550 1 19.0  
19.2 
 
25 
I 
 “ 530 2 19.3 
 “ 510 3 19.5 
 “ 450 4 19.0 
6 Elgerif 800 1 18.9  
20.1 
25 
 
I 
 “ 850 2 21.0 
 “ 840 3 20.0 
7 Abukuk 100 1 19.0  
20.5 
25 
 
I 
 “ 900 2 21.4 
 “ 950 3 19.7 
8 Taula 750 2 19.0 19.0 25 I 
Table 5.2 and 5.3 show trends of top height values for age 15 years and 
20 years respectively, and similar to the trend indicated by Table 5.1 for 
age 10 years. These tables show low values of top height at the northern 
locations and higher values at southern locations. 
Table 5.1 to 5.3 also indicates the trend of site index and site quality 
classes that both increase in value as from north location to south in 
association with increasing top height. All forests characterized by quality 
class II are geographically located north to Ramach forest and all forests 
characterized as quality class Ι are geographically located south of 
Ramach forest. Site index value for any location is obtained by using top 
  
height and age younger than 20 years, the value of top height was 
extrapolated up to age 20 years. The value of top height at age 20 years is 
also the value of site index.  
Table (5.2) Top height values and site quality classes at age 
15 years for selected forests along the Blue Nile  
No Forest 
name 
Number 
of trees 
Compartment 
number 
Top 
Height 
meters 
Average 
top 
height 
meters 
Site 
Index 
 
Q .C 
1 Hilalya 220 4 10.0 10.0 13 II 
2 El-kab 
“ 
250 
240 
7 
5 
11.0 
11.5 
11.5 14 
 
II 
3 Gondal 350 3 12.5 12.5 13 II 
4 Ramash 300 3 16.0 16.0 19 II 
5 Lembwa 
“ 
“ 
“ 
“ 
350 
360 
340 
320 
400 
6 
7 
8 
9 
10 
17.0 
18.9 
19.0 
17.0 
18.9 
 
 
18.16 
21 I 
6 Gezair 
“ 
300 
320 
5 
6 
19.0 
20.2 
19.6 23 
 
I 
7 Elgerif 325 5 22.0 22.0 25 I 
8 Abukuk 344 5 19.0 19.0 23 I 
9 Taula 350 1 21.0 21.0 25 I 
Figures 5.1 to 5.3 provide visual expression of the increasing trend of top 
height, with changing location of sunt reverian forests from north to 
south. All the selected forests in gezira circle fall in lower limits of top 
height values at age 10 years (Figure 5.1), at age 15 years (Figure 5.2) 
and age 20 years (Figure 5.3). On the other hand, all the selected 
compartments along the Blue Nile south of Singa fall in upper values of 
top height. The forests between Sennar and Ramach, north of Singa fall 
almost in the middle values of top height in Figure 5.1, 5.2 and 5.3. The 
results indicate consistency in site index values and site quality classes 
over time for the same geographical location. The consistency of site 
  
index values and site quality classes makes them suitable parameters for 
forest management planning (Elsiddig, 2002).  
Table (5.3) Top height values and site quality classes at age 20 
years for selected forests along the Blue Nile 
No Forest 
name 
Number 
of trees 
Compartment 
number 
Top 
Height 
meters 
Average 
top 
height 
meters 
Site 
Index 
Q .C 
1 Hilalya 200 1 12  
13.5 
16 II 
 
 
  210 2 13.6 
  220 3 15 
2 El-kab 
“ 
230 
235 
6 
3 
13 
14.6 
13.8 16 II 
 
3 Gondal 237 2 14.7 14.7 16 II 
4 Ramash 240 2 17 17.0 17 II 
5 Lembwa 233 4 21 20.05 22 I 
  “ 229 5 19.1 
6 Gezair 250 12 22.3 21.65 21 I 
 “ 245 13 21 
7 Elgerif 249 4 27 27.0 25 I 
8 Abukuk 245 4 25 25.0 25 I 
9 Taula 248 3 26 25.4 25 I 
  “ 244 4 24.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure (5.1) Top height at age 10 years against distance in Km for   
selected forests along Blue Nile 
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Figure (5.2) Top height at age 15 years against distance in Km for   
selected forests along Blue Nile  
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Figure (5.3) Top height at age 20 years against distance in Km for   
selected forests along Blue Nile 
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Sunt forest reserves started to be put under management plans since 1935 
with the objective of producing fuelwood, building poles and saw logs. 
The ability of the forests to produce either or all of these types of 
products vary as from north (Kamleen) to south (Roseiris). However, 
decision upon the type of product to be harvested from these forests and 
the age at which it is harvested was based on subjective evaluation and 
has never been considered on the basis of site quality measure and from 
yield values. 
The present study utilized criteria of yield indicated by the value of top 
height and site quality class in order to evaluate the compatibility 
between the site and the type of product. Top height showed a trend of 
increasing value as from north to south. However, in forests located in the 
north, top hight did not increase beyond 16-17 meters at age 20 years. 
These values stand for Quality class II sites. The majority of forests south 
of Sennar dam are characterized by top height values greater that 21 
meter at age 20 years (Table 5.3 and Figure 5.3). Hetherington and 
Elsiddig (1983/84) defined age 20 years for sunt plantation as maturity 
age and adopted this value of top height for site quality classification. 
The value of top height against age provides the basis for management 
decision and planning. Sunt plantations north of Sennar dam are managed 
on 20 years rotation length to yield firewood, while sunt plantations south 
of Sennar dam are managed on 30 years rotation for production of saw 
logs for railway sleepers. The management systems of sunt plantation 
north or south of Sennar dam are compatible with the yield criteria 
defined by top height against age. Plantations with top height < 20 meter 
at age 20 years do not produce logs that reach size of sawn timber 
production for railway sleepers and accordingly have rotation age 
  
determined by their capacity of yielding size classes not suitable for saw 
logs for railway sleepers production.  
The forests of sunt plantation extending north of Sennar dam are growing 
on poor sites characterized by low production. They all fall in Q .C. II. 
They are all managed on 20 years rotation for the production of fuelwood 
and building poles. 
All the sunt plantations south of Sennar dam are managed on 30 years 
rotation for the production of railway sleepers irrespective of their quality 
classes (Jackson, 1958 and Elsiddig, 2002). However not all sites on 
which sunt is growing in these areas south of Sennar dam can be 
classified as Q .C. I. In the present study, sites where sunt plantation was 
established are existing in two groups as Q.C.I and Q .C. II.  Tables 5.1 to 
5.3 included Q .C. I sites for the region south Sennar dam as the sites 
capable for satisfaction of the objective of railway sleepers production in 
30 years rotation. 
Sample plots data within the same compartment included sample plots 
with average top height values that classified the sample plot as Q .C. II 
site. This is clearly observed when sample plots can be delineated within 
an area with an average top height of a Q .C. II. Figure 5.4 is a cross-
section providing a profile of site types extending from the river to the 
clay plain. Three site types are qualitatively classified as gerf, maya and 
karab. Excluding the site types of gerf, which are all classified as Q.C. I, 
the sites of karab and maya are composed of a mosaic of Q.C. I and Q.C. 
II sites. 
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Figure 5.4 Diagrammatic transect across a meander of the Blue Nile basin 
The present study indicated that it is possible to survey and map each 
compartment into sub-compartments or stands based on location of site 
type as gerf, maya or karab, and into site quality class as class I or class 
II. These quality classes can be adjacent to each other as Q .C. I or Q .C. 
II units or stands such that each stand can be located geographically and 
assigned class I or class II.  
The use of top height provides an objective tool for division of sites of 
sunt forests south of Sennar dam into Q.C.I and Q.C.II sites. On the basis 
of this classification, management objectives for each site quality can be 
defined and rotation age can be changed. 
The system of management based on the use of top height values 
facilitates delineation of sites into yield classes of homogeneous 
productivity and yield levels. Stands of similar yield level (Q.C.) with 
defined yield range (Top height ≥ 21.0 meter) can then be managed for 
objectives that can be satisfied railway sleepers. 
Using top height values and yield levels, the sunt plantation south Sennar 
dam can be classified into two quality classes (yield levels) managed on 
different rotations (30 years and 20 years). Quality class I sites with top 
  
height ≥ 21 meter at age 20 years continues to be managed on 30 years 
rotation for production of railway sleepers as main target produce. The 
yield level of these sites with top height equal to or greater than 21.0 
metres at age 20 years satisfies the main management objectives, 
production of railway sleepers. 
Sites with top height values < 21.0 metres at age 20 years never satisfy 
the management objectives for railway sleepers production (Hetherington 
and Elsiddig, 1983/84). The size of the trees measured as dbh is smaller 
than the minimum diameter for railway sleepers. These sites can be 
managed on similar basis as those sunt forests north of Sennar dam. 
The advantage of managing sites on the basis of quality classes and yield 
levels improves the management, increases yield and may solves the 
problem of increasing demand for forest products at community level as 
well as at state levels, while Q.C. I sites will be managed on 30 years to 
contribute in national needs for railway sleepers; they contribute to local 
needs based on production system through intermediate activities. The 
quality class II sites, on other hand, will be managed on shorter rotation 
to satisfy objectives other than railway sleepers, and hence provide the 
local needs for wood and non-wood products.  
5.2 Forest Changes and Degradation 
Forest survey and forest inventory results indicated that the system of 
management for the two types of forests classified as Q.C.I and Q.C.II is 
based on area/age coupes composed of 30 age groups for Q.C.І. and 20 
age groups for Q.C.II. Each system is based on management of single 
forests contained in the flood basins and managed for 20 years rotation 
for Q.C.II and 30 years rotation for Q.C.І. (Elsiddig, 2002). The 
management system is based on management guidelines that prescribe 
  
the procedure to be followed in thinning of the forest stands. The 
Guidelines show the stand characteristics reflected in the number of trees 
to be retained after thinning and the size classes of these trees. It shows 
the stand as a continuous cover over the area with uniform distribution of 
trees (Esiddig, 1980). The guidelines also focus on forest protection and 
maintenance of the forest boundaries against illegal entry and felling 
(FNC sunt forest working plans, 1948, 1958, 1968, 1998). 
The sunt forest maps 1966 shows each forest was defined by forest 
boundary demarcated according to survey stones and lines between them. 
Forest policy and forest law were issued to protect the forest and maintain 
its boundary against illegal access. The forest boundaries were well 
maintained during the first rotation of 20 years for Q.C.II forests and 30 
years for Q.C.І forests as indicated by 1966 Lembwa forest map. The 
survey stones existed in place and the forest cover followed the 1966 
boundary line. However during successive rotations, the forests started to 
face illegal encroachment resulting from agricultural expansion exercised 
by farmers or continuous illegal felling exercised by local villagers. Both 
factors resulted in changes of forest boundary explained by area losses 
(Table 5.4) and, as well, changes of forest health and productivity 
explained by changes in top height values and site qualities, in addition to 
changes in stocking densities and average dbh (Table 5.5). 
5.2.1 Boundary and area changes of sunt forests 
The Lembwa forest was chosen as a case study to investigate boundary 
changes of the forest and explore the nature and cause of change. The 
forest boundary of forest map developed 1966 (Figure 5.5) was traced in 
computer prepare. The result of traicing the old boundary provides the 
outer boundary line of (Figure 5.5) the map constructed from data of 
boundary survey conducted by the present study in 2006, was 
  
superimposed on the 1966 map of Lembwa forest (Figure 5.5). The 
boundary of both maps were divided into segments and assigned letters as 
shown in (Figure 5.5).  
Point A and Ă on the boundary is comman to both maps. Segment A, B, 
C, D is the outer boundary of 1966 map (the Nile side) while segment Ă, 
B̃, Ć, Ď is the outer boundary of the map constructed 2006. These 
segments are referred to (A, B, C, D and Ă, B̃, Ć, Ď) segment (1) in 
(Table 5.4). Segment F, G, H, and F ̃, Ĝ, Ĥ, represents segment (3). K, L 
and K̃, Ĺ represent segment (5). N, O, P, and Ň, Ǒ, Ρ̃ represent segment 
(7). Analysis of the data of the four segments of the 1966 map and 2006 
map indicates boundary displacement from the original 1966 boundary to 
the recently surveyed 2006 boundary. The area contained between the old 
boundary and the new boundary represents the area lost as a result of 
boundary displacement (Table 5.4). 
Table 5.4 Segments taken from map the 1966 and 2006 
 
Segment 1966 Boundary 1966 Segment 
2006 
Boundary 
2006 
Segment 
area/Feddan 
1 A, B, C, D 1 Ẵ, B̃, Ć, Ď 59.3 
3 F, G, H 3 F˜ ̃, Ĝ, Ĥ, 54.3 
Sub-total    113.6 
5 K, L 5 K˜, Ĺ̃ 22.3 
7 N, O, P, 7 Ň, Ǒ, Ρ̃˜ 4.7 
Sub-total    27.0 
Total of area - - - 140.6 
The forest areas lost represented by segments 1 and 3 resulted from 
agricultural encroachment at the forest frontier adjacent to small holdings 
of agricultural land extending between the forest and the Nile (Figure 5.5, 
segments 1 and 2). These two segments have land area of 113.6 feddans 
(47.7 hectares) (Table 5.4). Segments 5 and 7 are at the western side of 
the forest representing the forest frontiers facing the villages (Figure 5.5 
  
segment 5 and 7). The area lost equal to 27.0 feddans (11.34 hectares) 
(Table 5.4). The area lost on the western side of the forest (facing the 
villages) is small area compared to that area of the forest lost at the 
agricultural land side. 
The outer boundary is the boundary of the 1966 map. Displacement of the 
old (1966) boundary to inside forest represents the encroachment. The 
colored or black area represents losses of forest cover as a result of 
encroachment due to agriculture expansion for the river side or due to 
villager's illegal fellings on the western side of the forest.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 5.5 A, broken into Segment (1) part of area lost due to agriculture 
encroachment 
 
 
 
 
 
 
 
 
 
 
Figure 5.5 B, broken into Segment (3) part of area lost due to agriculture 
encroachment 
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Figure 5.5 C, broken into Segment (5) part of area lost due to agriculture 
encroachment 
 
 
 
 
 
 
 
 
 
 
Figure 5.5 D, broken into Segment (7) part of area lost due to agriculture 
encroachment 
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5.2.2 Efficiency of surveying  
The management system practiced by the forest authority in sunt forests 
contains preventive measures against local people entry in order to 
maintain the forest boundary a closed circuit. To help this objective to be 
fulfilled, the forest authorities adopt forest law as a preventive force 
against people access and punitive against illegal entry. Forest gaurds are 
practicing policing system against local people entry through forest 
boundary. To facilitate success of the system, forest boundary has clearly 
been demarcated by survey lines and numbered survey stones were 
installed at junctions between survey lines (Figure 5.5 segment 1, 3, 5, 7). 
Lines and numbered survey stones, along the forest boundary constitute 
the main features to be checked and used for monitoring the boundaries. 
Forest boundaries are mapped and each survey line distance and bearing 
were recorded above and below the line respectively, (Lembwa map 1966 
Figure 5.5 segment 1, 3, 5, 7). Original surveys of forest boundaries and 
periodic check are usually done using ground survey based on chain (or 
tape) and compass, practiced by technical staff.  
However, illegal access of local people at present is becoming difficult to 
be controlled and resulted in boundary changes. During the 2006 
boundary survey of Lembwa forest, most of the survey stones were not 
found. The result was that chain (or tape) and compass, are becoming 
inefficient tools for re-surveys and checks of original maps as long as the 
survey stones positions were missed.  
The GPS has been the main solution in locating and recording the 
geographical positioning of each survey stone. The co-ordinates of each 
survey stone and distance between survey stones, registered in the GPS 
system facilitated construction of the Lembwa forest map in 2006, which 
  
coincided with the 1966 map. However, the map constructed on the basis 
of traditional method of chain (or tape) and compass is shown in Figure 
5.5 which is bound on survey duty boundary of the stocked area. The 
difference in area between the old map of 1966 and the new map of 2006 
showed the extent of lost area (Table 5.4). It seems that the loss of survey 
stones makes the use of chain and compass difficult due to the loss of 
features to be used as reference points. 
The GPS facilitates recording of the co-ordinates in the GPS system to 
provide reliable mean of locating the previous positions of the survey 
stones even if it is lost. However, both systems of the GPS and chain (or 
tape) and compass are used in the present study. The GPS provides means 
for mapping the old positions along the original boundary while the chain 
and tape and compass were used to trace the forest cover boundary. 
Mapping of the forest boundary using the two systems of GPS and chain 
and compass resulted in the construction of Lembwa forest map, and to 
measure the loss of cover (Figure 5.5 and Table 5.4). 
The present study developed a method for evaluation of staff capacities 
and experience to execute forest survey practices using modern 
technologies of GPS. The system of GPS improves the monitoring 
methods and checking of forest boundaries over time as GPS facilitates 
record keeping of stone position co-ordinates (Figure 5.5). GPS proved to 
be simple modern technology, easy to handle and use. This has been 
tested by the result of comparison between measurements made by a 
technical staff of FNC Sennar, a trainee and a professional staff using the 
GPS reading on the 1966 map as control. The criteria used for 
comparison was based on the forest area 1966, and boundary length 
measured by a trainee, a technical staff and a professional. Significant 
difference was found between any of the three personnel.  
  
5.2.3 Site yield change  
The need of local community for wood products particularly firewood 
and building poles from sunt forests are obtained illegally through illegal 
felling. People used to obtain their needs from the natural forests to avoid 
illegal sources from sunt forest and to obay the laws. However, the 
natural forest cover continued to decline as from 1987 to present (Daak, 
2007).  
People find limited sources from the natural forests (Table 5.7) and have 
no alternative other than forest reserves. Sunt forests are nearer to the 
villages extending along the Nile. The forests provide the local people 
with good quality wood particularly poles and small sized logs for simple 
furniture since 1935, the start of sunt plantation management. The local 
people obtain their firewood and building poles from sunt forests within 
the context of planned production system from thinnings and final 
fellings (Booth, 1949; Jackson, 1959; Foggie, 1968). With continued 
decline of natural forest recourses their needs from forest products are 
more than the supply provided by scheduled production from sunt 
plantation. People continued to enter sunt forest, illegally to fell trees for 
firewood and building poles. 
The illegal felling resulted in reduction of stocking density particularly 
the final felling trees of the 30 years rotation that used to be maintained at 
125 trees per hectare as stated by (Elsiddig, 2002). Table 5.5 indicates the 
changes in stocking density, average dbh, dbh range, top height values 
and site quality class over time. 
 
  
Table 5.5 Changes in productivity characters of sunt forests over time 
Character Value of character 
At present 1960-1975 
Trees/ha 50-60 100-125 
dbh/cm 39.0 44.0 
dbh range /cm 32-55 38-60 
Top height/m < 21.0 ≥ 21.0 
Q .C II Ỉ 
Source: present study; based on (Jackson, 1959,), (Elsiddig, 2002) and 
FNC records.  
The number of trees per hectare was reduced from a range of (100-125) 
per hectare (Elsiddig, 2002) to a range of (50-60) per/ hectare tree 
(present study data). The trees that satisfy railway sleepers production 
were identified selected (125 tree/ha) and marked at age 12 years and that 
was done before the third thinning (Jackson, 1959). Thinnings continue 
following the management plans guidelines (Both, 1949; Jackson, 1959; 
Foggie, 1968).  
By age 20 years and following the fifth thinning, the final felling trees 
(125 trees/ha) will remain and will be maintained until age 30 years 
(Shahali, 2004). These 125 trees per hectare produce 150-185 sleepers per 
hectare (FNC records, Suki sawmill, 1960-1965). (Jackson, 1959) stated 
that the final felling of 125 trees per hectare produced an average of 1.25-
1.5 railway sleeper per tree. 
Table 5.5 shows the dbh in cm, taken as average of the final felling crop 
at age 25-30 years, also witnessed decrease from 44.0 cm during 1960-
1975 to 39.0 cm taken from present inventory. The range has also 
changed from (38-60 cm) in the past to a range of (32-55 cm) at present. 
  
The decline in dbh values as average or range is a logical result of the 
decrease in number of stems per hectare from the range of (100-125) trees 
per hectare in the past to (50-60) trees per hectare at present. Illegal 
felling is a selective felling, which continues to be practiced over the 
period from age 20 years (final thinning) to age (25-30) years before the 
trees were finally felled. Illegal felling takes the best trees leaving large 
stumps. Extrapolation of stump diameter to dbh values results in higher 
average of the estimated dbh (Shahali, 2004), than the average dbh of the 
existing trees. This also applies to dbh range.  
An alarming situation is that the estimates of top height, site index and 
quality class of sample sites of existing sunt crop is indicating lower 
values than their values prior to final felling during first rotation, (Table 
5.5). Compartments in Lembwa forest inventoried during 1980s have 
higher average values of top height, site index and quality class, (Table 
5.5 and Figure 5.4).  
The decrease in top height values is also logical. It is not a natural 
change, but artificial, resulting from the loss of large trees being selected 
by illegal felling. The average top height measured from existing top 
height trees would have been higher if measured from the large trees 
felled by selective felling.  
Extrapolation of the stump diameter of felled trees to dbh using (Eltayeb, 
1985) equation and then extrapolation of the estimated dbh to estimate 
top height using (Elsiddig, 2001) equation, resulted in top height values 
higher than the values estimated from existing trees. The results indicated 
in (Table 5.5) were based on these equations. Site index and site quality 
class were presented according to same procedure for top height. It is the 
value of top height that determines the site index and site quality class. 
  
5.3 Relationship between sunt forest and communities  
People are becoming aware that natural forest area is declining (Daak, 
2007). They are also aware about the causes of forest deterioration. As 
their main source of wood products is the sunt reverain forests, they 
understand the cause of the degradation of these forests. Agricultural 
encroachment is mentioned at the top of the list of factors of sunt forests 
degradation as mentioned by 92.5% (Table 5.6). Tree felling is a second 
main reason of sunt forests degradation as mentioned by 85%. Other 
factors mentioned include natural factors mentioned by 65% and grazing 
mentioned by 12.5%. 
Table 5.6 local people distribution against their answer about the factors 
causing degradation of sunt reverain forest 
Factor %of respondents 
Agriculture encroachment 92.5 
Tree felling 85.0 
Natural factors 65.0 
Grazing 12.5 
Figure 5.5 and Table 5.6 indicated the extent of sunt forests degradation. 
The forest boundary, which is considered under protection, faced pressure 
from the village side and from expansion of small holdings of agricultural 
along the Nile side. Forest gaurds failed to prevent the continuous tree 
felling along the boundary or inside the forest, in spite of the law and 
policy that prevent illegal access to sunt forests. Illegal felling along the 
boundary facing the village or the agricultural holdings resulted in forest 
cover decline and lead to boundary displacement (Figure 5.5). On the 
other hand, illegal selective felling inside the forest resulted in decrease 
of forest stocking density, decline of average dbh and reduction of 
productivity, (Table 5.5). 
  
The Lembwa forest as a case study, lost 59.14 hectares of forest cover 
over the period 1966-2006. Part of the lost area along the eastern 
boundaries, the forest frontier with agricultural holdings, is presently 
under farmers control who put the land on cultivation of crops or 
horticultural use. The other lost part along the western forest frontiers is 
cleared by villagers and remained bare. The case of other sunt forests is 
similar to that presented in the case study Lembwa forest.  
Interview with key persons of forest officers responsible about the 
management of sunt forests confirmed that the reverain sunt forests 
continuously loose forest boundary and continuously accessed illegally 
by the local community who illegally fell trees. People need the forests 
for satisfaction of their needs for wood and non-wood forest products, for 
domestic use and for income generation. Their needs are obtained 
basically from reserved forests (Table 5.7 and 5.8).  
Table 5.7 Forests as a source of wood and non-wood products 
in the area 
Source of wood %of respondents 
Forest reserves      82.5 
Forests outside reserves 17.5 
Private source 0.0 
Market 35 
Table 5.7 shows that the majority of people (82.5%) obtain their forest 
products from the forest reserves and only 17.5% use the forests outside 
the reserves. No private sources are considered as sources while 35% 
obtained their needs from the market.  
Table 5.8 indicates that all the people use fuelwood, building poles and 
non-wood forest products for domestic needs. However forest products 
  
also constitute to be a source of income generation. Four commodities are 
mentioned to be used for income generation namely fuelwood used by 
35%, fruits used by 45%, building poles used by 22.5% and gum Arabic 
used by 35%. Trees are also useful for fodder (60%), medicinal (15%) 
and shade (22.5). 
Table 5.8 The extent of dependence of local communities on 
forest product, as indicated by their distribution 
against type of product 
Type of product Percent who depend 
For domestic use Income generation 
Fuelwood 100 35 
Building poles 100 22.5 
Fruits 100 45.0 
Gum arabic  - 35.0 
Fodder  60 - 
Medicinal  15 - 
Shade 22.5 - 
The use of fuelwood by the local community is contributing to the 
degradation of the forests the use of traditional stoves may contribute 
more to forest degradation (Table 5.9). Traditional stoves constitute a 
source of waste of energy and unnecessary consumption of wood. The 
dependence of the people on the forest reserves for fuelwood necessitates 
the importance of wise use of fuelwood to reduce the waste and approach 
conservation of the forests. 
 
 
 
  
The forest resources in the area are related to different ownership. Forest 
reserves are government properties owned by government and registered 
in government name in Sudan gazzete. Of these, sunt forest reserves are 
the most important forests. The deforestation in side non-forest reserves 
as well as deforestation inside forest reserves is heavily practiced 
resulting in forest conversion to agricultural land use. Both types of 
forests constitute the source for wood and non-wood forest products. 
However, forest reserves constitute the main source for forest products 
(Table 5.7). 
The importance of forests outside reserves, as source of forest products, is 
limited because these resources witnessed declining trend in area and 
extent (Daak, 2007). Much of the natural forests outside reserves were 
cleared during the period 1987 to present (1bid). The decline of forest 
cover in the area (Daak, 2007) is becoming a driving force for people to 
see the sunt forests as the main source of forest wood products because 
they are becoming nearer to them than other natural forest. In fact 90% of 
dwellers of the villages located around the sunt forests mentioned that 
sunt reverain forests constitute the primary source for building poles and 
fuelwood. 
Table 5.8 indicates the extent of dependence of the local communities on 
the forest resources. Their dependence on the forests is to great extent for 
domestic use while some people depend on the forest for income 
generation. Fuelwood and building poles seem to be the most important 
forest products used for domestic needs. Fuelwood and building poles 
products are used for income generation.  
  
Non- wood forest products are also becoming important for livelihood 
support like wood. The local people use tree fruits for domestic use and 
for income generation.  
Gum Arabic provides income generation. This product comes from 
Acacia senegal as the main producer while limited contribution is 
provided by Acacia seyal. Gum has wide market in Sudan and at the 
international level. It is used in food, confectionary, pharmaceutical and 
many other industrial products.  
Table 5.8 shows that other non-wood forest products used by the local 
communities at domestic level include fodder and medicinal use. 
Balanites aegyptiaca is found to contain chemical material that has the 
potential for use in contraceptive pills (Abu Elnour, 2007). This may add 
to the importance of this species. Some trees particularly Azadirachta 
indica (neem) are important as shade trees. 
(Elsiddig, 2004) reviewed the importance of trees that produce non-wood 
forest products and indicated that such products enhance the possibility of 
community-based management of tree resources for their non-wood 
products. Consideration of management of forests for non-wood forest 
products based on community involvement will encourage the 
communities to approach conservational use of natural forests and 
protection of sunt plantation. 
 
 
 
  
 Table 5.9 local people distribution against the type of cooking stoves 
used by households 
Cooking stove % of respondents 
Traditional iron stove 95.0 
Three stones stove 87.5 
Improved stoves 2.5 
LPG 2.5 
Fuelwood is an important forest product used for domestic purposes and 
for income generation. Many studies indicated that the use of traditional 
stoves results in high waste of wood and stated that wise use of fuelwood 
is necessary in order to reduce forest destruction. Wise use of fuelwood 
depends on the type of cooking stoves used. The majority of the local 
community use traditional iron stoves and the traditional three stones 
stoves. (Table 5.9) and very few households use improved stoves or 
butagas modern stoves. 
Traditional iron or three stones stoves are known to be a source of energy 
waste as their efficiency is very limited. To solve this problem, extension 
is necessary to raise the awareness of local people about the need for 
forest conservation which can be achieved by various approaches 
including the use of improved stoves. Reducing fuelwood use by 
improving the cooking stoves will be a supporting approach for the 
conservational management of the forests. 
The practical policy concerning forest reserves management is based on 
government control on the forest resources. Based on forest policy, forest 
guards are responsible for boundary protection against local people entry 
into the sunt forests. The local people are accordingly not involved in the 
sunt forests management except for paid casual labour under the guide of 
forest gaurds and forest officers. The attitude of the local people is 
  
different from that of the official attitude. The local people indicated their 
willingness to participate in the forest management activities (Table 
5.10). 85% of the local people expressed their willingness to participate 
in sunt forests management. Only 15% are unwilling to participate. 
Table 5.10 local people distribution with regard to their willingness to 
participate in forest management and type of activities they for 
willing to carry 
Willingness % 
Willing to participate  85 - 
In tree planting  - 77.5 
In protection - 70.0 
In gum production - 41.0 
Not willing 15 - 
The activities, that the people have willingness to participate in, include 
tree planting stated by 77.5%, forest protection stated by 70.0% and gum 
arabic production stated by 41.0%. Discussion with traditional leaders 
(old people) and key informant (committees leaders and prominent 
figures) confirmed the need for involving the local people in the different 
stages of the forest activities prescribed by the working plan in order to 
improve the management output of the sunt reserved forests. People 
involvement may enhance planning for satisfaction of the needs for forest 
products without depending on illegal access as the key informant 
perceive.  
The willingness expressed by the local people to participate in forest 
management of sunt reverain forests is an indication of their perception 
about the importance of these forests to them. That is not surprisising as 
long as they depend on wood and non-wood products and they obtain 
these from sunt forests. The fuelwood, the building poles and the sunt 
  
pods are all of importance to the local people for domestic use and for 
income generation (Table 5.8). 
Other trees are also important such that forest management is not only 
concerned with sunt reverain forests but also the management of other 
natural trees and forests. Just at the boundary of the sunt forests and 
outside the flood basin, a diversity of trees grow in mixture on the karab 
slopes and the clay plain known as dahara. Most of the tree species listed 
in Table 5.11 are recorded in this mixture. The extension of Lembwa 
forest (segment 4 figure 5.4) is composed of such mixture.  
People do not only know and use sunt trees. They know 17 tree species in 
the area. They know the existence of these tree species in the area and 
they know the economic importance of these species. Table (5.11) shows 
that the local people know a diversity of species but they prefer few of 
them because of their use or economic importance. They know 17 species 
but they prefer only 8 of them.  
The species preferred represent 47% of the species that people know. 
Acacia senegal represents the most known and the most preferred species 
mentioned by 90% of the people because it produces gum arabic used for 
income generation. The second and third known and preferred species are 
Acacia seyal and Acacia nilotica both preferred for fuel and poles (Table 
5.11). These two species are known to 87.5% and 82.5% respectively and 
preferred by 77.5% and 75% respectively. 
The three species Acacia senegal, Acacia seyal, Acacia nilotica, follow 
descending order with respect to the statement that being known and 
preferred. The other five preferred species are not in consistent order of 
being known and preferred. Acacia melifera for example is the fourth in 
  
the order of being known as mentioned by 62.5% but comes number 
seven in the order of being preferred mentioned by 5% of respondent. 
Balanites aegyptiaca comes number six in the order of being known as 
mentioned by 52.5% but comes number five in the order of preference. 
Table 5.11 Distribution of respondents against the tree species they 
know and these species they prefer 
Species Local name % Used for 
They 
know 
They prefer 
Acacia senegal  Hashab 90 90 Gum 
Acacia seyal  Talh 87.5 77.5 Fuel + poles 
Acacia nilotica   Sunt 82.5 75 Fuel + poles 
Eucalypts spp Kafur 20.0 17.5 Poles 
Balanites aegyptiaca  Higleig 52.5 10 Fruits 
Azadirakhta indica Neem 22.5 7.5 For shale 
Khaya senegalensis  Mahogany 62.5 5 Saw logs 
Acacia mellifera Kitr 10.0 5 Fuel 
Acacia nubica  Laut 40.0 - - 
Zyziphusspina-chnisti  Sidir 35.0 - Fruits 
Capparis decidua Tundub 12.5 - - 
Faidherbia albida Haraz 5.0 - Fodder 
Dalbergia melanoxylan Abanoos 2.5 - Crofts 
Tictona grandis Teek 2.5 - Saw logs 
Conocarpus lancifolius Damas 2.5 - Saw logs 
Boscia senegalensis Mulkheet 2.5 - Fodder 
Anogeissus leiocarpus Seilak 2.5 - - 
The fact that people know seventeen tree species will help very much in 
increasing the number of species used in the future. The preference of 
trees because of their economic importance increases the chances for 
planning and execution of tree planting strategy to increase tree cover in 
the area. 
 
 
 
  
Chapter Six 
Conclusion and Recommendations 
6.1 Conclusions  
Site index and yield are always directly correlated. The decline in 
site index for Sunt growing in the flood basins suggests that poor 
management has in fact depressed growth rates. 
The popularity of top height/age relationship as a site indicator is that. 
Top Height is closely correlated with the measure of site productivity, 
Top Height and age is easily determined. 
Sunt forests degradation is related to illegal felling and illegal agriculture 
encroachment. Communities rely on forests products for domestic use 
and for income generation.  
6.2 Recommendations 
There is an increasing need to make use of the recently developed 
powerful GPS packages which enable users to use the different tree 
growth parameters and their interaction objectively in easier manner than 
before, leading to efficient surveys and development in forest 
management. 
The factors that have the greatest bearing on productivity in an area are 
used in the delineation; the variables used may need to be defined. Site 
index values use existing parameters of the trees like top height related to 
age. So using these parameters for site classification and forest 
management is necessary. 
Management planning can be improved when homogeneous land areas 
are delineated on maps based on uses of GPS. 
 
  
Estimates of site can be used to identify land that is more appropriate for 
different uses. Hence better land use policies and practices are 
encouraged. 
Consideration of local people needs and involvement of people in forest 
management is urgent for sustainable forest management. 
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Appendices 1 Site index tables for Sunt along the Blue Nile 
Gerf slopes Karab slopes and Maya 
Age 
year S.I.25 S.I.23 S.I.21 S.I.25 S.I.23 S.I.21 S.I.19 S.I.17 
3 4.18 3.85 3.51 1.57 1.45 1.32 1.19 1.07 
4 7.08 6.52 5.94 3.54 3.26 2.98 2.7 2.41 
5 9.7 8.93 8.15 5.78 5.32 4.85 4.39 3.93 
6 11.98 11.02 10.05 8 7.36 6.72 6.08 5.44 
7 13.92 12.81 11.68 10.09 9.29 8.48 7.68 6.86 
8 15.58 14.34 13.08 12.01 11.06 10.1 9.14 8.17 
9 17 15.65 14.27 13.76 12.67 11.56 10.47 9.36  
10 18.24  16.79 15.31 15.34 14.12 12.89 11.66 10.43 
11 19.31 17.78 16.21 16.77 15.43 14.08 12.75 11.4  
12 20.26 18.65 17.01 18.05 16.62 15.16 13.73 12.28 
13 21.1 19.42 17.71 19.22 17.69 16.14 14.61 13.07 
14 21.84 20.1 18.33 20.28 18.66 17.03 15.42 13.79 
15 22.51 20.71 18.89 21.24 19.55  17.85 16.15 14.45 
16 23.1 21.27 19.4 22.13 20.37 18.59 16.82 15.05 
17 23.65 21.77 19.85 22.93 21.11 19.27 17.44 15.59 
18 24.14 22.22 20.26 23.68 21.79 19.89 18 16.1  
19 24.59 22.63 20.64 24.36 22.43 20.47 18.52 16.57 
20 25 23 21 25 23 21 19 17 
21 25.38 23.36 21.3 25.89 23.55 21.49 19.45 17.4  
22 25.73 23.68 21.6 26.13 24.05 21.95 19.87 17.77 
23 26.05 23.98 21.87 26.64 24.52 22.38 20.26 18.12 
24 26.35 24.25 22.12 27.12 24.96 22.78 20.62 18.44 
25 26.63 24.51 22.35 27.56 25.37 23.15 20.96 18.74 
26 26.89 24.75 22.57 27.98 25.75 23.5 21.27 19.03 
27 27.13 24.97 22.78 28.37 26.11 23.83 21.57 19.29 
28 27.36 25.18 22.97 28.73 26.45 24.14 21.85 19.54 
29 27.57 25.38 23.15 29.09 26.77 24.43 22.21 19.78 
30 27.77 25.56 23.31 29.42 27.08 24.71 22.37 20  
31 27.96 25.74 23.47 29.72 27.36 24.97 22.6 20.21 
32 28.14 25.9 23.62 30.02 27.63 25.22 22.83 20.41 
33 28.31 26.06 23.76 30.3 27.89 25.45 23.04 20.6  
34 28.47 26.2 23.9 30.56 28.12 25.68 23.24 20.78 
Source: Elsiddig and Hetherington (1983/1984) 
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Appendices 3 Site index curves for sunt on Gerf slope  
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